In recent years, the double sucrose-gap method for voltage clamp has been applied to the various kinds of smooth muscles. Although there are some limitations of this method in the accuracy of voltage control, this method is advantageous by virtue of the small size of smooth muscle cells and the technical difficulties when using microelectrodes.
Many experimental data concerning the ionic mechanism underlying the generation of action potential of smooth muscle cells were obtained by this method. These data presented the direct evidence that the contribution of Ca ion to the generation of action potential is larger in smooth muscles compared with the other excitable tissues.
The spike generation of guinea-pig taenia coli was proved to be due to the inward current carried by Ca ion under voltage clamp.l> This short report describes the voltage clamp experiments which investigates the ionic mechanism underlying the time-dependent and voltage-dependent inactivation processes of smooth muscle cells of guinea-pig taenia coli, because the behavior of the inactivation of Ca-spike cells differ from that of Na-spike cells.2~-5) Some of this work have been reported in a preliminary way at a Varna Symposium (1976).
Methods.
Experiments were performed on the small muscle strips isolated from guinea-pig taenia coll. These strips were about 0.2 mm in diameter and about 8 mm in length. The preparation was placed in a double sucrose-gap apparatus.
In voltage clamp experiments, the width and the series resistance in node channel are the main factors which impaire the quality of voltage control. In the present experiments, the stream of reference solution of the node channel was appropriately adjusted to keep the node narrow (about 50 pm) enough to allow the application of virtually uniform potential and to hold the series resistance across sucrose solution at about 5 MSS in the presence of preparation.
We have assumed that a reasonable degree of voltage control has been attained.
Reference (Fig. 1) . The ionic nature of three components of membrane currents has been investigated and our result indicates that inward current is carried by Ca ion, while both outward currents are carried by K ion. Details will be presented in a subsequent paper. By TEA, both outward currents were suppressed, while inward current rather increased in amplitude. This result presents the direct evidence that the enhancement of spike amplitude and the prolongation of spike duration in TEA are mainly due to the suppression of fast outward current by this drug. In the following experiments, TEA solution was used to exclude the fast outward current component. Time course of inactivation process examined using two-pulse method. The amplitude of conditionpulse was held at a constant level and its duration was varied between 100 msec and 500 msec. Test pulse was kept at a constant voltage amplitude of 40 mV. The peak inward amplitude for a given conditioning pulse (Ia) relative to the peak inward current in the absence of conditioning pulse (Ia) was plotted against the duration of conditioning pulse (Fig. 2) .
In normal Krebs solution, both conditioning depolarization and hyperpolarization tended to decrease the value of Ia/Ia below unity, suggesting the development of hyperpolarizing inactivation.
In this respect, the behavior of the intestinal smooth muscle cell differs from that of the squid axon in which conditioning hyperpolarization removes the inactivation.
The hyperpolarizing inactivation developed approximately exponential in time course and tended to a definite steady level.
Similar experiment was performed in TEA solution (Fig. 2) In normal Krebs solution, steady-state level of Ia/Ia was maximum around the natural resting potential and it declined when the conditioning potential was made either more hyperpolarized or more depolarized.
In TEA solution, the steady-state inactivation curve for conditioning depolarization declined in the same way as in normal Krebs solution, but, for conditioning hyperpolarization, it declined but slight compared with the one obtained in normal Krebs solution. With the increase in concentration of TEA up to 60 mM, the hyperpolarizing inactivation became less prominent, but it was not abolished completely. Discussion and conclusion. The main conclusion to be drawn from the present voltage clamp experiments is that the inactivation curve of inward current in smooth muscle cells of guinea-pig taenia coli deviates from that of Hodgkin-Huxley type, particularly in hyperpolarizing range and the deviation is mainly due to the transient fast outward current.
The transient fast outward current has a property of inactivation and its kinetics are similar to that of inward current ; it is dependent on the duration and voltage of condi- tioning hyperpolarization.
Moreover, the transient fast outward current occurs nearly at the same time and overlaps with the inward current.
Actually, in the presence of TEA which is effective to suppress the transient fast outward current, the deviation of inactivation curve in hyperpolarizing range became less prominent with decreasing the transient fast outward current. Therefore, in taenia coli of guinea-pig, the hyperpolarizing inactivation is explained by the transient fast outward current.
Similar hyperpolarizing inactivation has been described on the other cells in which Ca ion is the principal charge carrier for the inward current (snail neuron,3>,5) Aplysia giant neuron2~ and crayfish X-organ4~). Most of these cells have the transient fast outward current and Ca-spike. From these facts, it seems most likely that the transient fast outward current is probably not independent of the inward current and the influx of Ca ion following the inward current would induce a transient increase in K conductance which in turn generates the fast outward current.
A very similar hyperpolarizing inactivation has been reported in myometrium.7 9)10) In myometrium, however, explanations differ by these authors7~,9)as to the kinetics of hyperpolarizing inactivation. This would be mainly due to uncertainty as to the ion species which chiefly carries the inward current of myometrium (Na ion or Ca ion, or both Na and Ca ions).
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